al., 33 estimated the incidence rate of aneurysmal SAH in Izumo City, Japan, confirming the diagnosis by CT scanning of the brain, autopsy, or surgery. The crude and the age-and sex-adjusted annual incidence rates per 100,000 population were 25 and 23 for all ages, 34 and 31 for the 20-to 89-year-old group, and 39 and 37 for the 30 to 89 year-old group, respectively. When patients whose death certificates indicated that they might have died of aneurysmal SAH, but who had not been formally examined, were included in the incidence rate calculations, the figures rose to 32 and 29 (all ages), 43 and 39 (20-89-year-olds), and 50 and 47 (30-89-year-olds), respectively. 30 Even without the possible additional cases, the annual incidence rates are the highest reported to date. The principal purpose of this study was therefore to ascertain whether the incidence rate of primary ICH is also high in this city.
Seasonal and diurnal variations in the onset of ICH and SAH have been investigated in many previously published studies. 11, 14, 21, 22, 24, 36, 41, 42, 44, 48, 52, 53, 55, 58, 61, [64] [65] [66] [72] [73] [74] [75] 77 However, a substantial number of these studies were subject to methodological problems. Most were based on hospitalized patients or on mortality statistics. Hospitalized patients with ICH or SAH are not truly representative of patients in the community, because of inevitable case selection. 34, 76 In community-based studies, statistical analysis was sometimes difficult because of the very small number of patients involved. 24, 41, 53, 61, 65, 77 In addition, data on the seasonal and temporal patterns of ICH and SAH were obtained in very few studies at the same time. 41, 53, 61, 65, 77 With respect to SAH, most studies were concerned with so-called primary or spontaneous SAH, which includes bleeding due to AVMs and other diseases as well as aneurysm rupture. 21, 41, 53, 61, 65, 77 Community-based studies in which seasonal and diurnal variations in the incidence rate of SAH due solely to aneurysm rupture have been investigated are extremely rare. 31, 58 The second purpose of this study was therefore to compare seasonal and diurnal variations in onset between primary ICH and aneurysmal SAH in Izumo City. 
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Primary intracerebral and aneurysmal subarachnoid hemorrhage in Izumo City, Japan. Part I: Incidence and seasonal and diurnal variations
Clinical Material and Methods
Izumo City is located in the western part of Japan and covers a rural area of approximately 175 km 2 . According to the national census of Japan, the population of Izumo City was 84,854 as of October 1, 1995 . There are no large industries, and the social and demographic composition of the population is relatively stable. Izumo City has four hospitals: Shimane Prefectural Central Hospital, with 665 beds; Shimane Medical University Hospital, with 616 beds; Izumo Shimin Hospital, with 70 beds; and Second Izumo Shimin Hospital, with 125 beds. The first two hospitals have both neurosurgical and neurological departments, whereas the others have neither. All four hospitals offer CT scanning, and Shimane Prefectural Central Hospital and Shimane Medical University Hospital are designated emergency centers.
Patient Population
This study included residents of Izumo City who suffered their first primary ICH or first aneurysmal SAH during a 6-year period beginning January 1, 1991 and ending December 31, 1996 . Besides patients who were admitted or referred to the aforementioned hospitals while alive, we also analyzed those who were dead on arrival or who had not yet received medical attention. Thus, even for patients who had died by the time of referral or were moribund on admission, we used CT scans whenever possible to confirm the diagnosis, and collected clinical information from the relatives. In addition, we reviewed the death certificates of all 3903 city residents who died between 1991 and 1996, and analyzed the records of those suspected to have died of ICH or SAH. Regarding the diagnosis of primary ICH, patients whose hemorrhages were caused by aneurysms, AVMs, moyamoya disease, cavernous hemangioma, hemorrhagic transformation of a previous cerebral infarction, head trauma, brain tumor, severe bleeding tendency or coagulation disorder, or malignancies (including leukemia) were excluded. Patients receiving anticoagulant or antiplatelet agents, and those with severe late-stage diseases involving a bleeding tendency or coagulation disorder were also excluded.
Risk Factors
We collected data on the following risk factors: hypertension, diabetes mellitus, cigarette smoking, and alcohol consumption. Hypertension was defined as a history of treatment with antihypertension medication, systolic and/ or diastolic blood pressure levels of greater than 160 and 95 mm Hg, respectively, and roentgenographic or electrocardiographic evidence of left ventricular hypertrophy or cardiomegaly. Information on diabetes was based on medical history. For smoking, patients were divided into three groups: 1) current smokers; 2) former smokers; and 3) never smokers. Alcohol intake was also divided into three categories: 1) daily drinking; 2) occasional drinking; and 3) no alcohol consumption.
Statistical Analysis
The unpaired t-test or chi-square test was used for statistical analysis. The CI for the incidence rates were calculated according to the method of Schoenberg. 59 Ageand sex-adjusted annual incidence rates were estimated using data from the 1995 Japanese population census. Seasonal and daily variations in hemorrhage rates were examined in relation to the sex and age of patients. The statistical significance of any seasonal variation was evaluated using Roger's method. 54 Adaptations of this method, which we used in our study, are described by Shinkawa, et al. 61 To investigate daily variations, the times of onset of the hemorrhages were plotted within 12 2-hour intervals. We then divided the total number of events by 12 to obtain an expected frequency based on an even distribution throughout the day. The chi-square test was then used to compare the observed frequency of onset against the expected frequency within each of the 12 2-hour intervals.
Results
During the 6-year period from 1991 to 1996, there were 267 patients with primary ICH and 123 with aneurysmal SAH. None of the patients with ICH died before receiving medical attention or reaching the hospital, and none suffered a respiratory arrest on admission. Of the 123 patients with SAH, three (2%) died before reaching the hospital, six (5%) were admitted in cardiorespiratory arrest, and seven (6%) were admitted in respiratory arrest. With respect to the diagnosis, ICH was verified using CT scanning alone in 263 patients, magnetic resonance imaging alone in three, and by using both methods in one. Of the three patients with SAH who died before hospitalization, SAH was verified on a CT scan performed after admission in one, and was diagnosed based on the clinical course and the demonstration of blood in the cerebrospinal fluid on spinal or suboccipital tapping in the corpses of the other two. In the six patients with cardiorespiratory arrest on admission, SAH was verified using CT scanning. In the remaining 114 patients, SAH was diagnosed using CT scanning alone in 36, CT scanning and surgery in 71, and CT scanning and autopsy in seven. The exact location of the ruptured aneurysm was confirmed using angiography, surgery, and/or autopsy in 91 patients (74%). Aneurysms could not be confirmed in 30 of the patients who were ex- The male/female ratio was 1.4 for ICH and 0.7 for SAH. Hypertension and diabetes mellitus were significantly more common in patients with ICH than in those with SAH. In particular, the percentage of patients with ICH who had hypertension was very high. The age and sex distributions of the patients with ICH and SAH are shown in Table 2 . The percentage of elderly patients (Ͼ 70 years of age) was significantly higher among the patients with ICH (46%) than among those with SAH (36%; p = 0.048).
Incidence Rates
Both in patients with ICH and in those with SAH, the age-specific average annual incidence rates increased with advancing age and the highest incidence rate was found in patients older than 90 (Table 3 ). In patients older than 50 years of age, the increase in the rate was steeper in those with ICH than in those with SAH. In patients with ICH who were younger than 90 years of age, the age-specific average annual incidence rates were higher in men than in women, whereas no consistent sex-related trend was observed when patients with SAH were stratified by age.
The average annual incidence rates for ICH and SAH per 100,000 population are shown in Table 4 . The incidence rate for ICH was at least double that for SAH in the total study population. When analyzed by sex, the incidence rate for ICH was approximately three times that for SAH in men and one and a half times that for SAH in women.
Seasonal Variations
Seasonal variations in the incidence rate of ICH and SAH, stratified by sex, are shown in Figs. 1 and 2, respectively. When all patients with ICH were considered, a statistically significant seasonal fluctuation was observed. The plot of the incidence rate of ICH throughout the year was sinusoidal, with a peak in winter (between the months of November and April) and a trough in summer (JuneAugust). The plot for men with ICH exhibited a similar cyclical pattern. However, there was no statistically significant seasonal variation in the occurrence of ICH in women or of SAH in patients of either sex. The numbers of patients younger than 65 years of age and those 65 years of age or older were 105 and 162 for ICH and 60 and 63 for SAH, respectively. In patients with ICH who were younger than 65 years of age, the incidence again showed a peak in winter and a trough in summer (Roger's method, r = 12.59; p Ͻ 0.01). However, no statistically significant seasonal variations were found in patients with ICH who were 65 years of age or older (Roger's method, r = 2.07), or in patients with SAH who belonged to either age group (Roger's method, r = 1.39 and 12.3, respectively).
With regard to the climate in Izumo City, four seasons are clearly distinguishable. Winter is cold, cloudy, windy, and snowy, whereas summer is hot and humid; spring and fall are warm, calm, and comfortable. In this region dur- 
Diurnal Variations
Figures 3 and 4 show the frequency distributions of the known times of onset for 252 patients with ICH and 122 patients with SAH, stratified by sex within the 12 2-hour study intervals. Daily variations in the incidence rates of ICH and SAH were significant, except in men with SAH. When all patients were considered, both ICH and SAH exhibited a bimodal distribution, with an initial peak between 8:00 a.m. and 10:00 a.m. and a second one between 6:00 p.m. and 8:00 p.m., and were least likely to occur between 10:00 p.m. and 6:00 a.m. The numbers of patients younger than 65 years of age and 65 years of age or older included in this analysis were 100 and 152 for ICH and 60 and 62 for SAH, respectively. Daily variations in the incidence rates of ICH and SAH were significant in both age groups; both types of hemorrhage were least likely to occur between midnight and 6 a.m. (chi-
Discussion
In this study, hypertension and diabetes mellitus were more common in patients with ICH than in those with SAH. A history of hypertension is a well-known risk factor for ICH 8, 19, 38, 40 and SAH; 6, 68, 70, 71 although it is uncertain whether the prevalence of diabetes in patients with ICH is higher than in the general population. 19, 38 In a recent study, Juvela 38 showed that 9% of patients with ICH had diabetes mellitus, suggesting that diabetes may carry a real risk of ICH. In our study, 11% of patients with ICH had diabetes mellitus. Therefore, we agree that diabetes mellitus may increase the risk of ICH. Cigarette smoking is also an important independent risk factor for SAH, 1, 5, 6, 39, 46, 47, 51, 62, 70 but the association with ICH is less clear cut. 19, 38, 40, 62 Previous studies have shown that alcohol consumption increases the risk of both ICH 38, 40, 45 and SAH. 39, 45, 47, 70 In our study, there was no significant difference in the prevalence of
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FIG. 1. Bar graphs showing seasonal variations in primary ICH for all patients (left), for men (center)
, and for women (right) during 1991 through 1996 in Izumo, Japan. The bars represent the monthly distribution of the number of patients. The solid circles indicate the estimated monthly number of onsets calculated using the stated best-fit cosine curve function. Y is the estimated number of monthly occurrences of hemorrhage, and t represents the month. The number on the x axis indicates the month; 1 = January-12 = December. cigarette smoking and alcohol consumption between the patients with ICH and those with SAH. Intracerebral hemorrhage and SAH are different entities, and each has an individual risk factor profile. Further case/control studies in this city are required to investigate the risk factors of ICH and SAH.
Incidence Rates
Several epidemiological studies have indicated that the annual incidence rate of ICH is approximately twice that of SAH. 3, 4, 8, 17, 29 In agreement with these published results, the ratio of the annual incidence rate of ICH to that of SAH was 2.1 in the present study. In published series for geographical regions other than Izumo, reported annual incidence rates per 100,000 population for all ages were 8 to 41 for ICH, 2- However, the incidence rate of ICH might have been underestimated in studies performed before the advent of CT scanning, because it is difficult to diagnose small hemorrhages clinically. 15 On the other hand, in some studies conducted in the pre-CT era the incidence rate of SAH might have been overestimated. Aho, 2 who reported the high incidence rate of 24 per 100,000, himself alluded to the fact that four of the 13 patients with clinically diagnosed fatal SAH proved at autopsy to have suffered a different type of stroke, and that if these four patients were subtracted, the incidence rate for SAH would be 17. Furthermore, even when the diagnosis was made accurately, primary or spontaneous SAH designates SAH that includes bleeding due to AVMs and other diseases as well as aneurysm rupture. To determine the precise incidence rate of each type of stroke, it is preferable to restrict the SAH group to those patients with bleeding due solely to aneurysm rupture, and this has only become possible following the development of CT. Table  5 shows published annual incidence rates for ICH and SAH obtained during the CT era. In our community-based study, conducted during 1991 through 1996, the crude and the age-and sex-adjusted annual incidence rates per 100,000 population for all ages were 52 and 48 for primary ICH and 24 and 23 for aneurysmal SAH, respectively. Thus, the incidence rates for both ICH and SAH in Izumo City are the highest of all those published to date. Furthermore, the diagnoses of ICH and SAH were accurate and there were no false-positive cases. Five possible explanations can be offered for the high annual incidence rates of ICH and SAH in Izumo City. First, although Izumo is a small city, it has four hos- pitals and both patients with ICH and those with SAH are managed exclusively at these hospitals. Second, because CT scanning is available at all of these hospitals, ICH and SAH can be readily and precisely diagnosed. Third, the two major hospitals in Izumo City have emergency centers and, even if they are moribund, patients with ICH and SAH from the city can be transferred to one of these hospitals within approximately 30 minutes. Fourth, whenever possible, patients were examined using CT scanning even if they had died by the time of referral or were moribund at admission. Finally, we reviewed the death certificates of all residents who died during 1991 through 1996 to identify any other patients suspected to have died of ICH or SAH. Thus, the high incidence rates for ICH and SAH in
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Generally, the annual incidence rate of ICH has been found to be higher in men than in women. 3, 12, 15, 20, 25, 56, 60, 67 For SAH, some published studies have reported a higher annual incidence rate in men, 32, 63, 67, 69 whereas others have indicated a higher incidence rate in women. 2, 7, 30, 33, 49, 50, 56 In the present study, the annual incidence rate for ICH in all age groups was higher in men. Regarding the age-specific incidence rate, ICH has a tendency to increase with advancing age, [2] [3] [4] 8, 12, 15, 16, 20, 27, 37, 60, 67 whereas conflicting data as to whether SAH increases with advancing age have been obtained in the past. 3, 8, 12, 16, 27, 30, 32, 33, 35, 37, 49, 50, 56, 57 However, recent research has demonstrated that the incidence of SAH continues to increase as individuals become older. 27, 30, 32, 33, 35, 50, 56, 57 In the present study, both ICH and SAH increased almost linearly with age, reaching a maximum in the oldest age groups. In previous studies in which the incidence rate was calculated in relation to both age and sex, ICH occurred predominantly in men in all age groups. 56, 67 However, in some studies the reported incidence rate for SAH is higher in women older than 60 to 70 years of age, 2, 3, 12, 30, 33, 49, 56 whereas in other series, no consistent trend toward any sex difference has been observed after stratification by age. 32, 57 In our previous Izumo studies, there was no relationship between the age-specific incidence rate of SAH and sex during 1980 to 1984, 32 whereas during 1987 to 1992, SAH occurred more often in men younger than and in women older than 60 years of age. 30, 33 In the present study, ICH occurred predominantly among men in all age groups except 90-to 99-year-olds, whereas for SAH there was no consistent trend toward any sex difference when the results were stratified by age. Thus, it may be concluded that the age-specific incidence rate of ICH is higher in men than in women regardless of age, whereas for the age-specific incidence rate of SAH, further inquiries into any sex difference are indicated.
Seasonal Variations
Seasonal patterns of stroke occurrence have been examined in a number of studies. Several investigators have reported that the incidence rate of ICH peaks in winter and has a nadir in summer, 48, 52, 61, 66 whereas other studies have failed to demonstrate any significant seasonal variation. 24, 41, 64, 65 Climatological factors have been proposed to influence the winter/summer ratio of stroke occurrence following observations of the effect of cold on blood pressure, 66 a correlation between a cold ambient temperature and coagulation factors, 10 and relationships with intradiurnal temperature changes 61 and hours of sunshine or ambient humidity.
11 However, most of these studies were hospital-based or analyses of the mortality rates associated with ICH, 11, 48, 52, 64, 66 and the number of community-based studies was very small. 24, 41, 53, 61, 65 In the present study, statistically significant seasonal variations in the incidence rate of ICH were observed in men and in patients younger than 65 years of age; however, it is difficult to deduce precise risk factors for ICH from these results. Nevertheless, one of the most important reasons would seem to be that men and younger people are apt to be outdoors much more than women and the elderly, resulting in greater exposure to inclement weather. Similarly, although seasonal changes in the incidence rate of SAH have been investigated in various previous studies, most of these were hospital based. Studies that showed significant seasonal variations were all hospital based. The peak period for SAH differed widely in these studies; that is, late fall in men and late spring in women, 14 spring and fall, 55 winter, 36, 48 February, 75 April and September 44 and March and September. 22 However, no statistically significant seasonal variation was observed in any of the community-based studies. 31, 41, 53, 58, 61, 65 We were also unable to find any significant seasonal variation in the incidence rate of SAH in the present study, even when the results were analyzed by sex and age. It may therefore be concluded that, unlike primary ICH, there is no marked seasonal variation in the incidence rate of aneurysmal SAH. However, in comparison with ICH, the number of patients with SAH analyzed in this study was small. Further work is needed in this area.
Diurnal Variations
Diurnal variations in the incidence rates of both ICH and SAH have been investigated in previous hospital-and community-based studies. In general, the occurrence of hemorrhage was lowest during the night and highest during working hours, with a nadir between midnight and 6:00 a.m. for both ICH 72 and SAH, 21, 22, 42, 44, 72, 74 and a peak between 8:00 a.m. and noon for both ICH 41, 53, 64, 72, 77 and SAH. 21, 22, 41, 42, 53, 64, 72, 77 Regarding peak occurrence, hospitalbased studies reported a bimodal circadian distribution in the onset of hemorrhage; that is, an initial peak occurred during the morning hours and a second one was observed in the late afternoon. 42, 64, 72 However, little is known about the temporal patterns of ICH and SAH among the general population. In a community-based study, Wroe, et al., 77 suggested that there were indeed bimodal patterns in the incidence rates of ICH and SAH. However, their results were not statistically significant, probably because of the small number of patients involved. In addition, SAH was not restricted to aneurysmal SAH in their study; they also included probable SAH. No bimodal distribution in the incidence rates of ICH and SAH has been shown in other community-based studies. 21, 41, 53 However, in our study, although the onset of hemorrhage was rarely observed during the night (between midnight and 6:00 a.m.), at least two daytime incidence peaks were found for both primary ICH and aneurysmal SAH. The initial peak occurred between 8:00 a.m. and 10:00 a.m. and a second one was observed between 6:00 p.m. and 8:00 p.m. This pattern was still apparent for ICH when the patients were stratified by sex and age; however, in patients with SAH, the bimodal distribution became less prominent after stratification, probably because of the small number of patients in each group. Our results are thus relatively consistent with those from previous hospital-based studies. This diurnal pattern of onset of ICH and SAH may be explained by the circadian rhythm in blood pressure. 64, 72 Conclusions In Izumo City, the incidence rates for primary ICH as well as aneurysmal SAH obtained during 1991 through 1996 were higher than in any other previously published study, probably because of a more thorough and accurate diagnosis policy. Both ICH and SAH increased almost linearly with age. Regarding seasonal variations, the incidence rate of ICH exhibited a peak in winter and a nadir in summer, and this sinusoidal pattern was statistically significant in men and in patients younger than 65 years of age. However, no statistically significant seasonal variation was found in patients with SAH. Daily variations in the incidence rates of ICH and SAH were significant except in men with SAH. There was a nadir between midnight and 6:00 a.m. and a bimodal peak distribution, with an initial peak between 8:00 a.m. and 10:00 a.m. and a second one between 6:00 p.m. and 8:00 p.m.
